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Laminated structure comprising a nitrile resin barrier layer, a tie layer and a polyolefin 
layer, and coextrusion process for making said structure 



This invention relates to a laminated 
structure in which a tie layer of a particular 
composition is used to adhere together a co- 
extruded polyolefin and nitrile barrier resin. 

Composite structures composed of at least 5 
one layer of a polyolefin and at least one layer of 
a nitrile barrier resin have been prepared and are 
found to be useful for many purposes, primarily 
for packaging. Packages of such composites 
have excellent gas barrier properties, they are to 
particularly good barriers to oxygen, carbon 
dioxide and water vapour, and they can be 
fabricated by heat sealing because of the 
excellent heat-sealing properties of polyolefins. 
The manufacture of such composites is not easy ts 
because of the lack of adhesion between the 
surfaces of the polyolefin and the nitrile barrier 
resin. This lack of adhesion has in the past been 
improved by the use of an adhesive or a corona- 
discharge treatment of the polyolefin surface. 20 
Other methods include the use of a tie layer 
composed of a blend of the polyolefin and the 
nitrile-containing polymer as described in 
US — A — 4,123,576. 

In GB — A — 1,427,959 there is disclosed a 25 
process for the manufacture of laminates, in 
particular bonded laminates of an olefin polymer 
such as polyethylene or polypropylene with a 
styrene polymer such as polystyrene, impact- 
resistant polystyrene or an ABS polymer, 30 
wherein the waste material produced in the 
further processing of the laminate is added to 
the adhesion promoting primer layer or to an 
outer layer when manufacturing the laminates. 

It is an object of the present invention to 35 
provide improved composite structure of poly- 
olefins and nitrile barrier resins, by employing a 
particular polymeric mixture as a tie layer for 
adhering the polymer surfaces together. 

According to the invention the tie layer *o 
contains as an essential component a material 
which is not to be found in the outer layers 
namely a halogenated polyolefin. 

This invention therefore provides a laminated 
structure comprising a first outer layer <ts 
composed of a nitrile barrier resin (I), a second 
outer layer composed of a polyolefin resin (II), 
and an intermediate tie layer between the two 
outer layers comprising a mixture of a nitrile 
barrier resin (I), a polyolefin resin (II) and a third so 
polymer resin (III), characterised in that the third 
polymer resin (III) is a halogenated polyolefin. 

The proportions of the materials in the tie 
layer and the temperature at which the mixture 
is extruded affect both adhesion and viscosity 55 
control in the co-extrusion process. 

A significant advantage of the present inven- 
tion is the fact that scrap material can be 
reground and used in the tie layer with some 
adjustment of the three essential components 60 
mentioned above. 

The polyolefins useful in the present 



invention include polyethylene, polypropylene, 
poiybutylene, and interpolymers of two or more 
of ethylene, propylene, and the butylenes. Poly- 
ethylene includes both high- and low-density 
polymer. The most preferred polyolefins are 
polyethylene and polypropylene. 

The halogenated polyolefins useful in this 
invention include halogenated polyethylene, 
halogenated polypropylene, halogenated poiy- 
butylene, and halogenated olefin copolymers. 
Preferred are chlorinated and brominated poly- 
olefins and most preferred are chlorinated poly- 
ethylenes and chlorinated polypropylenes. 

The nitrile barrier resins useful in the present 
invention include those prepared by the poly- 
merization of (A) from 60 to 9096 by weight 
based on the combined weight of (A) and (B) of 
at least one nitrile having the structure 

CH 2 =C-CN 



in which R represents hydrogen, a lower alkyl 
group having from 1 to 4 carbon atoms, or a 
halogen, (B) from 10 to 40% by weight based 
on the combined weight of (A) and (B) of one or 
more of the following: — (1) an ester having 
the structure 



CH 2 =C-COOR 2 



in which R t represents hydrogen, an alkyl group 
having from 1 to 4 carbon atoms, or a halogen, 
and R 2 represents an alkyl group having from 1 
to 6 carbon atoms; (2) an alpha-olefin having 
the structure 

R' 

I 

CH a =C 
I 

R" 

in which R' and R" which may be the same or 
different represent alkyl groups having from 1 to 
7 carbon atoms; (3) methyl vinyl ether, ethyl 
vinyl ether, a propyl vinyl ether, or a butyl vinyl 
ether; (4) vinyl acetate; (5) styrene and (6) 
indene; in the presence of from 0 to 40 parts by 
weight based on the combined weight of (A) 
and (B) of (C) a rubbery polymer of a conjugated 
diene monomer which is butadiene or isoprene 
and optionally a comonomer which is styrene, a 
nitrile monomer having the structure 

CH 2 =C-CN 



2 



in which R is as defined above, and an ester 
having the structure 

CH 2 =C-COOFL 
I 

Ri 

in which R, and R 2 are as defined above, the 
rubbery polymer containing from 50 to 1 00% by 
weight of polymerized conjugated diene and w 
from 0 to 50% by weight of comonomer. 

This invention is particularly applicable to the 
co-extrusion process. Two dissimilar thermo- 
plastic polymer materials, i.e. a polyoiefin and a 
nitrile barrier resin, are adhered together in the JS 
molten phase while being shaped by passage 
through a die. The tie layer is also in the molten 
state in the co-extrusion process and is also 
shaped by means of passing it through a die. In 
the co-extrusion process, the components of the 20 
tie layer are weighed, powder blended and fed 
into an extruder hopper and continuously 
passed from the hopper to the extruder where 
they are mixed, heated to a melt, and extruded 
between two outside layers of extruded poly- 25 
olefin and nitrile barrier resin. The three shaped 
melt streams of polymer are combined using a 
co-extrusion adapter and die in a one-step in- 
line manufacturing operation. This permits the 
component layers to flow together to form the 30 
desired multilayer structure. 

The tie layer can be extruded within a 
temperature range of 150 to 235°C* The tie 
layer melt should preferably be extruded at a 
temperature of from 200 to 210°C for best 35 
results. 

The proportions of the three essential com- 
ponents in the tie layer can be varied widely 
from nearly all halogenated polyoiefin to nearly 
all polyoiefin with minor amounts of the nitrile 40 
barrier resin. A weight ratio of from 2:1:1 to 
5:1:1 of halogenated polyolefin.-nitrile barrier 
resin:polyolefin is preferred. A particularly good 
tie layer was obtained with a 4:1 :1 weight ratio 
mixture, with 1 part of polyurethane included. 45 
This mixture, when used to tie a nitrile barrier 
resin to polyethylene, had a peel strength of 
980 g per linear centimetre (5.5 pounds per 
linear inch) and excellent viscosity control. The 
halogenated polyoiefin was a suspension so 
polymerized high density polyethylene resin 
which was chlorinated to an extent of 36% by 
weight. The polyethylene and polyurethane 
were standard low density polyethylene and 
extrudable polyurethane. 55 

In making the composite co-extruded 
structures of this invention, the pressure in the 
die may reach as high as 350 kg per sq. cm. 
(345.5 bar; 5000 psi). A normal pressure is 
about 1 75 kg per sq. cm. (1 72.7 bar; 2500 psi). eo 

The halogenated polyolefins useful in this 
Invention may contain cross-linking agents such 
as a peroxide. 

The invention is further illustrated in the 
following examples wherein the amounts of 6b 



ingredients are expressed in parts by weight 
unless otherwise indicated. In the examples, the 
composite sheets were prepared using a co- 
extrusion adapter which was of conventional 
feed block design. Three extruders fed this 
multiple inlet heated block. The three, still 
separate, melt streams were aligned in the 
direction of the outlet and fed Into a converging 
plate which directs the flow into the single 
manifold and die. At the point of entry into the 
die, the melts flow into contact and distribute to 
the contour of the die. 

Example 1 

A mixture of a high nitrile barrier resin (I) 
prepared by copolymerization of 75 parts by 
weight of acrylonitrile and 25 parts by weight of 
methyl acrylate in the presence of 10 parts by 
weight of a rubbery copolymer of butadiene and 
acrylonitrile according to US — A — 3,426,102, 
(II) a low density polyethylene having a melt 
index of 0.25 and density of 0.919, and (111) a 
chlorinated low density polyethylene having . 
36% chlorine by weight and a viscosity of 17 
centipoises (0.017 m"" 1 kgs" 1 ) in which the 
weight ratio of 1 :1 :4 was prepared by powder 
blending the three components by adding each 
component to a can and mixing with a steel rod. 
The mixture was placed in a Brabender 
extrusion apparatus and was melt extruded into 
a co-extrusion adapter at 200° C, At the same 
time, some resin (I) and some resin (II) were also 
independently and simultaneously extruded in a 
co-extrusion adapter. The three co-extruded 
materials were passed through a 6-inch ( 1 5.24 
cm) sheet die at 205 °C where the melts were 
allowed to flow freely in a laminar form and the 
mixture of resins served as a tie layer between 
sheets of resin (1) and (2). The resulting 
laminated sheet was found to be very uniform 
with about 27vn/Y (0.686 mm) thickness. The 
peel strength as measured by an Instron ASTM 
#1876 (1971 Part 6) apparatus using a 180° 
peel on a 2.54 cm (1 inch) wide sample approxi- 
mately 15 cm (6 inches) long. The peel strength 
as determined at both 5 cm- and 25 cm-per- 
minute rates from" edge to edge of the laminate 
was found to be 446 g per linear centimetre 
(2.5 pounds per linear inch). 

Example 2 

Example 1 was repeated with the variation 
that there was included in the tie layer mixture a 
polyurethane (Q-thane, Registered Trade Mark 
marketed by K. J. Quinn) and the weight ratio 
of halogenated polyethylene: nitrile barrier 
resin: polyoiefin: polyurethane was 4:1:1:1. A 
composite sheet which had a peel strength of 
996 g per linear centimetre (5.58 pounds per 
linear inch) was produced. 

Example 3 

Example 1 was repeated using only resins (I) 
and (II) with no tie layer to produce a product 
outside the scope of this invention which 
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showed no measurable peel strength between 
the co-extruded layers of resins (I) and (II). 

Example 4 

Example 1 was repeated except that only s 
resin (III) (chlorinated polyethylene) was used 
as the tie layer to produce a co-extruded 
composite outside the scope of the present 
invention having a peel strength of only 267 g 
per linear centimetre (1.50 pounds per linear to 
inch). 

Example 5 

Example 1 was repeated except that resin 
(111) was excluded from the tie layer to produce a is 
composite sheet which was outside the scope 
of this invention having a peel strength of only 
about 90 g per linear centimetre (0.5 pounds 
per linear inch). 

20 

Claims 

1. A laminated structure comprising a first 
outer layer composed of a nitrile barrier resin (I), 

a second outer layer composed of a polyolefin 26 
resin (II), and an intermediate tie layer between 
the two outer layers containing a mixture of a 
nitrile barrier resin (I), a polyolefin resin (II) and a 
third polymer resin (III), characterised in that the 
third polymer resin (III) is a halogenated poly- jo 
olefin. 

2. A structure as claimed in claim 1 charac- 
terised in that the nitrile barrier resin (I) is one 
prepared by the polymerization of 

(A) from 60 to 90% by weight based on the 35 
combined weight of (A) and (B) of at least one 
nitrile having the structure 

CH 2 =C-CN 

I 40 

R 

in which R represents hydrogen, a lower alky! 
group having from 1 to 4 carbon atoms, or a 
halogen, 45 

(B) from 10 to 40% by weight based on the 
combined weight of (A) and (B) of one or more 
of the following: — 

(1 ) an ester having the structure 

SO 

CH 2 =C-C00R 2 



in which R, represents hydrogen, and alky! ss 
group having from 1 to 4 carbon atoms, or a 
halogen, and R 2 represents an alkyl group 
having from 1 to 6 carbon atoms; 

(2) an alpha-olefin having the structure 

so 

R' 

CH 2 =C 

R" 55 



in which R' and R" which may be the same or 
different represent alkyl groups having from 1 to 
7 carbon atoms: 

(3) methyl vinyl ether, ethyl vinyl ether, a 
propyl vinyl ether or a butyl vinyl ether. 

(4) vinyl acetate. 

(5) styrene, and 

(6) indene, 

in the presence of from 0 to 40 parts by weight 
based on the combined weight of (A) and (B) of 

(C) a rubbery polymer of a conjugated diene 
monomer which is butadiene or isoprene and 
optionally a comonomer which is styrene, a 
nitril monomer having the structure 

CH 2 =C-CN 

R 

in which R is as defined above, and an ester 
having the structure 

CH 2 =C-COOR 2 
Ri 

in which and R 2 are as defined above, the 
rubbery polymer containing from 50 to 100% by 
weight of polymerized conjugated diene and 
from 0 to 50% by weight of comonomer. 

3. A structure as claimed in claim 1 or claim 
2 characterised in that the polyolefin is poly- 
ethylene, polypropylene, polybutylene. and/or 
an interpolymer of two . or more of ethylene, 
propylene, and the butyienes. 

4. A structure as claimed in any of claims 1 
to 3 characterised in that the halogenated 
polyolefin is halogenated polyethylene, halo- 
genated polypropylene, and/or halogenated 
polybutylene. 

5. A structure as claimed in any of claims 1 
to 4 characterised in that (A) is acrylonitrile. (B) 
is methyl acrylate. and (C) is a butadiene-acrylo- 
nitrile rubbery polymer. 

6. A structure as claimed in claim 5 charac- 
terised in that the tie layer also comprises a 
polyurethane. 

7. A structure as claimed in claim 6 charac- 
terised in that the tie layer comprises halo- 
genated polyolefin; nitrile barrier resin; poly- 
olefin and polyurethane in a weight ratio of 
4:1:1:1. 

8. A co-extrusion process for the production 
of a laminated structure as claimed in claim 1 
characterised in that the layers are adhered 
together in the molten phase at a temperature 
in the range of 150 to 235°C and passed 
through a shaping die to form a laminate. 

Revendications 

1 . Structure stratifiee comprenant une 
premiere couche exterieure composee d'une 
resine impremeable a base de nitrile (I), une 
second couche exterieure composee d'une 
resine polyolefine (II), et une couche de liaison 
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intermediaire entra les deux couches exte- 
rieures contenant un melange d'une resine 
impermeable a base de nttrlle (I), d'une resine 
polyoiefine (II) et d'une troisieme resine polymere 
(III), caracterisee par le fait que la troisieme 
resine polymere (III) est una polyoiefine 
halogenee. 

2. Structure selon la revendication 1, ca- 
racterisee par le fait que la resine impermeable 
a base de nitrile (I) est une resine prepare par 
la polymerisation de 

(A) de 60 a 90 % en poids r par rapport au 
poids combing de (A) et de (B) f d'au moins un 
nitrile ayant la structure: 

CH 2 =C-CN, 



dans laquelle R represente de I'hydrogene, un 
groupe alkyle inferieur ayant de 1 a 4 atomes de 
carbone, ou un halogene, 

(B) de 10 a 40 % en poids, par rapport au 
poids combine de (A) et de (B), d'un ou plusieurs 
des constituents suivants: 

{1 ) un ester avant la structure: 

CH 2 =C-C00R 2 , 
Ri 

dans laquelle H, represents de I'hydrogdne, un 
groupe alkyle ayant de 1 a 4 atomes de 
carbone, ou un halogene, et R 2 represente un 
groupe alkyle ayant de 1 a 6 atomes de 
carbone; 

(2) une alpha-olefine ayant la structure: 



CH 2 =C 



dans laquelle R' et R", qui peuvent etre 
identiques ou differents, representent des 
groupes alkyle ayant de 1 a 7 atomes de 
carbone; 

(3) le methylvinyiether, I'ethylvinylether, un 
propylvinylether ou un butylvinylether, 

(4) I'acetate de vinyle, 

(5) le styrene et 

(6) I'indene, 

en presence de 0 a 40 parties en poids, par 
rapport au poids combine de (A) et de (B), de 

(C) un copolymere caoutchouteux d'un 
monomdre diene conjugue qui est du buta- 
diene ou de I'isoprene et eventuellement d'un 
cpmonomere qui est du styrene, un monomere 
nitnle ayant la structure 

CH 2 =C-CN, 



to 
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dans laquelle R est tel que defini ci-dessus, et 
d'un ester ayant la structure 

CH 2f =C-C0OR 2 , 
I 

Ri 

dans laquelle R, et R 2 sont tefs que definis ci- 
dessus, le polymere caoutchouteux contenant 
de 50 e 100 % en poids de diene conjugud 
polymerise et de 0 a 50 % en poids de comono- 
mere. 

3. Structure selon la revendication 1 ou la re- 
vendication 2. caracterisee par le fait que la 
pofyoiefine est du polyethylene, du poly- 
propylene, du polybutyiene et/ou un inter- 
polymere de deux monomeres ou plus choisis 
parrni I'ethyiene, le propylene et les butyldnes. 

4. Structure selon Tune des revendications 1 
a 3, caracterisee par le fait que la polyoietlne 
halogen6e est du polyethylene halog6n6, du 
polypropylene halogene et/ou du polybutyiene 
halogene. 

5. Structure selon I'une des revendications 1 
a 4, caracterisee par le fait que (A) est I'acrylo- 
nitrile, (B) est de I'acrylate de m6thyle et (C) est 
un polymere caoutchouteux butadiene-acrylo- 
nitrile. 

6. Structure selon la revendication 5, ca- 
racterisee par le fait que la couche de liaison 
comprend aussi un polyurethane. 

7. Structure selon la revendication 6, ca- 
racterisee par le fait que la couche de liaison 
comprend la polyoiefine halogenSe, fa resine 
impermeable a base de nitrile, la polyoiefine et 
le polyurethane dans un rapport en poids de 
4:1:1:1. 

8. Proced6 de co-extrusion pour la produc- 
tion d'une structure stratifi6e telle que deffnie a 
la revendication 1, caracterisee par le fait qu'on 
fait adherer les couches ensemble, dans la 
phase fondue, a une temperature comprise 
entre 150 et 235° C, et on les fait passer a 
travers une filiere de formage de facon a former 
un stratifie. 

Patentanspruche 

1. Ein Laminat, das eine erste, aus einem 
Nitrilsperrharz (I) aufgebaute aufcere Schicht, 
eine zweite, aus einem Polyolefinharz (II) aufge- 
baute Sufiere Schicht und eine Verbindungs- 
zwischenschicht zwischen den zwei auGeren 
Schichten aufweist, die *ln Gemisch aus einem 
Nitrilsperrharz (I), einem Polyolefinharz (II) und 
einem dritten Polymerharz (III) enthilt, dadurch 
gekennzeichnet, daS das dritte Polymerharz (III) 
ein halogenhaltiges Polyolefln 1st. 
t 2. Ein Laminat gemafc Anspruch 1 , dadurch 
gekennzeichnet, daS das Nitrilsperrharz (I) ein 
Harz ist, das hergestellt ist durch Polymerisation 
von 

(A) 60 bis 90 Gew.% (auf der Basis der 
kombinierten Gewichte von (A) und (B)j 
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mindestens eines Nitrils der Forme! 

CH 2 =C-CN 



worin R Wasserstoff, eine Niederalkylgruppe mit 
1 bis 4 Kohlenstoffatomen oder ein Halogen 1st, 

(B) 10 bis 40 Gew.% (auf der Basis der 
kombinierten Gewichte (A) und (B)) eines oder 
mehrerer der folgenden Verbindungen: 

{ 1 ) eines Esters der Formel 

CH 2 =C-C0OR 2 
I 

R, 

worin R, Wasserstoff, eine Alkylgruppe mit 1 bis 
4 Kohlenstoffatomen oder ein Halogen ist und 
R 2 eine Alkylgruppe mit 1 bis 6 Kohlenstoff- 
atomen ist; 

(2) ein a-Oleffn der Formel 

R' 

I 

CH a =C 
I 

R* 

worin R und R", die gleich oder verschieden sein 
kdnnen, Alkylgruppen mit 1 bis 7 Kohlenstoff- 
atomen darstellen; 

(3) Methylvinylether, Ethylvinylether, ein Pro- 
pylvinylether oder ein Butylvinylether, 

(4) Vinylacetat, 

(5) Styrol und 

(6) Inden, 

in Anwesenheit von 0 bis 40 Gewichtsteilen 
(auf der Basis der kombinierten Gewichte von 
(A) und (B)) eines 

(C) gummrformigen Polymerisats aus Buta- 
dien oder Isopren als konjugiertes Dien- 
Monomer und gegebenenfalls einem Como- 
nomeren das Styrol, ein Nitril-Monomer der 
Formel 

CH 2 =C-CN 
R 



worin R die vorstehend deflnierte Bedeutung 
hat, oder ein Ester der Formel 

CH 2 =rC-C00Ra 
*i 

worin R,, und R a die vorstehend angege&enen 
Bedeutungen haben, wobei das gummiformige 
Polymerisat 50 bis 100 Gew.96 eines polymeri- 
sierten konjugierten Diens und 0 bis 50 Gew.% 
eines Comonomers enthalt 

3. Ein Laminat gemaS Anspruch 1 oder 2, da- 
durch gekennzeichnet daG das Polyolefin Poly- 
ethylen, Polypropylen, Polybutylen und/oder ein 
Interpolymerisat aus zwef oder mehr der Ver- 
bindungen Ethylen, Propylen und den Butyl- 
enen ist 

4. Ein Laminat gemaG irgendeinem der 
AnsprQche 1 bis 3, dadurch gekennzeichnet 
daG das halogenhaltige Polyolefin ein halogen- 
haltiges Polyethylen, ein halogenhaltiges Poly- 
propylen und/oder ein halogenhaltiges Poly- 
butylen ist. 

5. Ein Laminat gemaG irgendeinem der 
AnsprQche 1 bis 4. dadurch gekennzeichnet, 
daG (A) Acrylnitril, (B) Methylacrylat und (C) ein 
gummlfSrmiges Polymerisat aus Butadien und 
Acrylnitril 1st. 

6. Ein Laminat gemaG Anspruch 5, dadurch 
gekennzeichnet, daG die Verbindungsschicht 
auch ein Polyurethan enthalt 

7. Ein Laminat gemaG Anspruch 6, dadurch 
gekennzeichnet daG die Verbindungsschicht ein 
halogeniertes Polyolefin, ein Nitrilsperrharz, ein 
Polyolefin und ein Polyurethan im Gewichts- 
verhSltnis 4:1:1:1 enthalt 

8. Ein CoextrusionspreGverfahren zur Her- 
stellung eines Laminats gem§G Anspruch 1 , da- 
durch gekennzeichnet. daG die Schichten in der \ 
geschmolzenen Phase bei einer Temperatur im 
Bereich von 150 bis 235°C zusammengeklebt 
werden und durch eine Form zur Bildung eines 
Laminats gegeben werden. 
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